To identify cells in situ in which African swine fever (ASF) virus is present, a double immunohistological labeling technique was used on sections of ASF-infected spleen and lymph nodes. Cells were identified by an indirect immunoalkaline phosphatase technique using monoclonal antibodies (MoAb) reactive against different leukocyte subsets. ASF virus, detected by a direct immunoperoxidase method using swine immunoglobulin G (IgG) anti-ASF virus antigens, was not present in T helper or in T cytotoxic/suppressor lymphocytes, whereas it was detected in tissue macrophages that reacted with different MoAb (74-22-15, C4, A7, and F2). A large number of cells strongly reactive with MoAb 74-12-4 (T helper lymphocytes) were found in the marginal zone in infected spleen. In infected lymph nodes, these intensely stained cells were found in small numbers. Cells reactive with MoAb 76-2-1 1 (T cytotoxic/suppressor lymphocytes) were less stained in infected spleen and lymph nodes than in non-infected organs.
African swine fever (ASF) is an important disease of domestic pigs caused by an icosahedral virus classified as a member of the family Iridoviridae. ASF virus, which is specific for pigs and related animals, replicates mainly, ifnot exclusively, in monocytes and macrophage~.~,'J~ However, as alterations in lympho-blood lymphocytes (PBL) on days 0, 8, 21, and 24. Mouse spleen cells were fused with the non-immunoglobulin-producing variant myeloma line FO, derived from the s p 2 of Balb/c origin. Hybridomas were screened by cell enzymelinked immunosorbent assay.9 Ascitic fluids were produced in pristane treated Balb/c mice and purified by precipitation with 40% saturated ammonium sulfate followed by dialysis cyte subsets take place during infection, Some authors against phosphate buffered saline (PBS) pH 7.4. Protein , -. o nreport that virus in lymphocytes, and Oth-centration was determined by optical density measurement ers suggest that T lymphocytes are the subset at at 280 nm. risk. 20,24, 25 In vitro infection Of peripheral blood leu-Immunoglobulin (Ig) class and subclass were determined kocytes (PBL) has shown that only macrophages and by the Ouchterlony double immunodiffusion technique using approximately 4% of polymorphonuclear leukocytes class and subclass specific anti-mouse Ig (Serotec Lander are infected, whereas B or T lymphocytes, either resting Diagnostic and Miles Laboratories 1% Elkhart, IN). Charor stimulated with mitogens, are resistant.2 acterization was done by indirect immunofluorescence on
The purpose of this study was to identify cells in suspensions of swine PBL obtained by Ficoll Hypaque (Pharwhich ASF virus was present by of a double macia Fine Chemicals, Piscataway, NJ) separation of heparinized whole blood, as well as on suspensions of glass adlabeling immunohistological technique. The study was herent, glass non-adherent nylon wool adherent, and glass done On sections Of and lymph nodes from exnon-adherent nylon wool non-adherent populations and perimentally infected swine in which different leukogranulocytes.l5 Cells (2 106) were incubated with 50 p1 of cyte subsets were identified with monoclonal antibodthe monoclona~ antibody ascitic fluid diluted 1 : 20 in culture ies (MoAb), and the virus detected with swine S t~u m medium for 45 minutes at 4 C; negative controls were done reactive with ASF virus antigens. with irrelevant MoAb ascitic fluid. Cells were washed twice in Hank's balanced solution (Flow Laboratories, Irvine, Scotland) with 0.1 Yo sodium azide, and incubated with 100 pl of a 1/40 dilution of fluorescein isothiocyanate conjugated rabbit anti-mouse Ig (Miles Laboratories Inc., Elkhart, IN) for 45 minutes at 4 C. Cells were washed twice, and fluorescence observed with the fluorescence microscope.
Selection of MoAb was done according to tissue reactivity by indirect immunoperoxidase and indirect immunoalkaline phosphatase on sections of normal lymphoid organs.
Materials and Methods

Monoclonal antibodies
Monoclonal antibodies (MoAb) reactive with swine monocytes and tissue macrophages were prepared according to standard procedures. Briefly, female Balb/c mice, 4 to 6 weeks old, were immunized with 1 x 1 O7 swine peripheral
Other MoAb
MoAb reactive with porcine PBL were obtained from Dr. J. K. Lunney: 74-12-4 reactive with T helper lymphocytes, 76-2-1 1 reactive with T cytotoxic/suppressor lymphocytes, and 74-22-1 5 reactive with macrophages and granuloc y t e~.~* , '~
Swine anti-ASF virus antigens
Swine anti-African swine fever (ASF) virus serum was obtained from a pig inoculated with partially attenuated Malta 78 strain of ASF virus. Serum was precipitated with 33% saturated ammonium sulfate, incubated for 1 hour, and centrifuged at 10,000 x g for 5 minutes. The pellet was washed twice with 1.39 M ammonium sulfate, resuspended in PBS, and dialyzed against 10 mM phosphate buffer pH 7.0.6 After dialysis, the IgG fraction was obtained by DEAE-52 (Pharmacia Fine Chemicals, Piscataway, NJ) chromatography with 10 mM phosphate buffer pH 7.0. The non-retained fraction was concentrated by precipitation with 33% saturated ammonium sulfate followed by chromatography on Sephacryl-S-300 (Pharmacia Fine Chemicals, Piscataway, NJ), with PBS pH 7.4. IgG fractions were pooled and used for enzyme conjugation.
Conjugation with horseradish peroxidase was done by the periodate oxidation-conjugation method? 15 mg of type VI horseradish peroxidase (Sigma Chemical Co., St. Louis, MO) in 1 ml of PBS were mixed with 0.2 ml dinitrofluorobenzene (Eastman Organic Chemical, Rochester, NY) (1 % in absolute ethanol). The mixture was incubated for 30 minutes at room temperature. Following incubation, 0.2 ml of 0.3 M periodate (Sigma Chemical Co., St. Louis, MO) was added, and the reaction was allowed to develop for 30 minutes in the dark. Excess dinitrofluorobenzene and periodate was removed by Sephadex-25 (Pharmacia Fine Chemicals, Piscataway, NJ) chromatographywith PBS pH 7.4. The colored fraction, which contained the activated peroxidase, was collected. One mg of activated peroxidase (0.1 ml) was mixed with 0.5 ml of the Ig fraction (1 mg of Ig approximately) and with 0.1 ml of 1 M carbonate-bicarbonate buffer pH 9.6, and the mixture was incubated for 18 hours at 4 C. Fifty pl of freshly prepared borohydride solution (1 0 mg/ml in distilled water) were added, and the mixture was dialyzed against PBS for 18 hours. The conjugate obtained was diluted in PBS 5 mM merthiolate with 25% glycerol and 2% bovine serum albumin. Aliquots were stored at -20 C until used.
Conjugation with alkaline phosphatase was done by the glutaraldehyde conjugation method: 2 mg ofthe Ig fraction in 0.5 ml of PBS were mixed with 5 mg (0.5 ml) type VII calf mucosa alkaline phosphatase (Pharmacia Fine Chemicals, Piscataway, NJ) at room temperature and dialyzed against several changes of PBS at 4 C. Twenty-five percent glutaraldehyde was added to give a final concentration of 0.2%. The mixture was incubated for 2 hours at room temperature and then dialyzed at 4 C against several changes of PBS and then against several changes of 0.05 M Tris buffer pH 8.0. The conjugate was diluted in Tris buffer pH 9.0 with 1% bovine serum albumin and 0.02% sodium azide and stored at 4 C until used.
Experimental techniques
ASF virus. Virulent ASF strain Malta 78 was used. The virus was obtained from a pig inoculated with the virus propagated in Vero cells.
Pigs. Six-month-old miniature pigs were inoculated intramuscularly with 1 O5 hemadsorption units (HAD,,) of ASF virus per pig in 1 ml of red blood cell homogenate in Eagle's medium (Flow Laboratories, Irvine, Scotland). Non-infected pigs were used as controls.
Preparation of tissues. Infected and non-infected swine
were anaesthetized and exsanguinated on the fourth day postinoculation. Spleen and lymph nodes (cervical, retropharyngeal, mesenteric, and renal lymph nodes) were rapidly isolated, and 1x 0.5-cm pieces were obtained and embedded in O.C.T. compound (Miles Laboratories, Inc., Elkhart, IN) on a piece of cork and snap frozen in liquid nitrogen with quenching in 2-methyl-butane. Cryostat sections (4-6 pm) were cut and air dried at room temperature for 18 to 24 hours. Slides were stored at -40 C, individually wrapped in aluminum foil until Spleen and lymph node pieces were also fixed with the following: 10% buffered formalin, Bouin's fixative, B-5 formalin, alcohol-acetone, Duboscq-Brasil, and periodate-lysine-paraformaldehyde as described.5 Tissues were dehydrated and paraffin embedded according to standard procedures. Paraffin slides were deparaffinized prior to use.
Immunological staining procedures. Immunological staining procedures were tested on paraffin sections, cryostat sections with no chemical fixation, and cryostat sections fixed with acetone and/or formaldehyde. Incubations were all done at room temperature in a humid chamber.
Direct immunoperoxidase for ASF virus detection. Slides were incubated with the peroxidase labeled swine IgG anti-ASF virus antigens at a 1/ 100 dilution in Tris buffered saline (TBS) pH 7.6 (0.05 M Tris, 0.145 M NaCl) for 45 minutes. After rinsing with TBS, peroxidase was developed with diaminobenzidine tetrahydrocloride (DAB) (Sigma Chemical Co., St. Louis, MO) (0.6 mg DAB/ml TBS pH 7.6 with 0.03% hydrogen peroxide) for 10 minutes. Slides were washed in tap water, counterstained with Carazzi's hematoxylin, dehydrated, and mounted with DePex (Serva, Feinbiochemica GMBH-Co D-6900 Heidelberg 1, West Germany).I3 Blocking of endogenous peroxidase by standard procedures had a deleterious effect on tissue reactivity. Two types of negative controls were done: one with normal swine Ig labeled with peroxidase and another with non-infected tissue sections. Indirect immunoperoxidase with the MoAb on non-infected tissue sections. Slides were incubated with the MoAb ascitic fluid diluted 1 : 20 in TBS pH 7.6 for 1 hour. After rinsing with TBS, slides were incubated with peroxidase conjugated rabbit anti-mouse Ig (Dako, Copenhagen, Denmark) at 1 : 20 dilution in TBS pH 7.6 with 30% normal swine serum.'3 After extensive washing, peroxidase was developed, and slides were counterstained with Carazzi's hematoxylin, dehydrated, and mounted with DePex. Negative controls were done with an irrelevant MoAb.
Indirect irnrnunoalkaline phosphate with MoAb on noninfected tissue sections. Staining was done as in indirect immunoperoxidase but with alkaline phosphatase conjugated rabbit anti-mouse Ig (Dako, Copenhagen, Denmark)." Slides were mounted with buffered gelatine with no counterstain.
Double labeling. Double labeling was done combining an indirect and a direct staining: a) indirect immunoperoxidase and direct immunoalkaline phosphatase; and b) indirect immunoalkaline phosphatase and direct immunoperoxidase.
First, indirect staining was done completely and then the direct staining. Slides were not counterstained and were mounted with buffered gelatine.
Negative controls were done with non-infected tissue sections and with an irrelevant MoAb.
Results
Monoclonal antibodies
Three monoclonal antibodies (MoAb) (C4, F2, and A7) were selected according to their fluorescence profile and tissue reactivity. All were immunoglobulin G (IgG) 1 and had k light chain.
The three MoAb reacted with glass adherent macrophages and granulocytes: C4 reacted with 36% of macrophages and 67% of granulocytes; F2 with 25% of macrophages and 16% of granulocytes; and A7 with 2 1 Yo of macrophages and 1 8% of granulocytes. MoAb 74-22-15, used as a positive control, reacted with 25% of macrophages and 75% of granulocytes.
Reactivity with glass non-adherent populations was similar in all cases to the negative controls.
Tissue reactivity was studied on spleen and lymph node sections. MoAb had optimal reactivity only on cryostat sections with no chemical fixation. Fixation of cryostat sections with acetone and/or formaldehyde decreased reactivity of MoAb; on paraffin sections, MoAb had no reactivity.
On tissue sections, the three Mo Ab had a similar staining pattern to that obtained with MoAb 74-22-15. In spleen, MoAb reacted intensively with cells of the red pulp and ellipsoids as well as some cells of germinal centers of follicles in the periarterial lymphatic sheath (PALS). In lymph nodes, MoAb reacted with cells distributed in paracortical and medullary areas as well as sinuses and germinal centers.
Viral antigen in infected spleen and lymph node sections
African swine fever (ASF) viral antigen was detected using both direct immunohistological techniques.
Counterstaining allowed the study of viral antigen distribution and morphologic identification of the cells. In the spleen, ASF viral antigen was distributed throughout the red pulp, whereas the white pulp remained free. In lymph nodes, ASF viral antigen was mainly in the marginal sinus. Replication centers were clearly seen in the cytoplasm of some infected cells.
Double labeling
The combination of indirect immunoperoxidase and direct immunoalkaline phosphatase did not give satisfactory results because of diffuse background staining on the indirect technique. Optimal results were obtained combining indirect immunoalkaline phosphatase and direct immunoperoxidase, for there was a good differentiation of the two color reagents.
In spleen, ASF viral antigen was in some of the cells stained with the four MoAb reactive with macrophages. However, not all cells contained the antigen, and the ASF viral antigen was present in cells that did not react with the MoAb (Fig. 1) .
Similar results were seen in lymph nodes, except that ASF viral antigen was only present in some of the cells reactive with MoAb 74-22-15 and C4, whereas it was not found in cells stained with MoAb A7 and F2.
Virus was not detected in T helper nor in T cytotoxic/suppressor lymphocytes (Figs. 2, 3) . In spleen sections, two different staining patterns were seen among cells stained with MoAb 74-12-4: T helper lymphocytes of the marginal zone of PALS and some scattered in the red pulp were very strongly stained, whereas those of the follicles in the PALS were only lightly stained (Fig. 2) . In lymph node sections, some of the T helper lymphocytes were also more strongly stained, but were in smaller numbers than in infected spleen. In tissue sections of infected spleen and lymph nodes, T cytotoxichppressor lymphocytes were less intensely stained than in sections of non-infected organs.
Discussion
A useful technique for obtaining information on the pathogenesis of African swine fever (ASF) at the cellular level is described. This method allows identification of cells and detection of ASF viral antigen in tissue sections of infected organs. For several reasons, this is a step forward in the identification of cells in which ASF virus replicates. First, the technique allows studies to be done on tissue sections from infected pigs, whereas studies up to date have been carried out on suspensions of in vitro infected cells. Second, identification of cells is more accurate by means of monoclonal antibodies (MoAb) which recognize specific cell populations. Third, detection ofASF viral antigen with a non-fluorescent technique allows recognition of tis- lymphocyte contains viral antigen. Artery (a). Fig. 3 . Spleen infected with African swine fever (ASF) virus double labeled with monoclonal antibody 76-2-1 1 reactive sue morphology. The identification of cells in which ASF virus replicates is of paramount importance to the development of efficient immunizing products. We have observed that T lymphocytes are not infected by ASF virus, an in vitro observation made by others.2 Decrease in lymphocyte numbers during the course of ASF virus infection may likely be caused by an indirect mechanism. Virus was detected in some macrophages, but the fact that all macrophages did not contain virus was not an uncommon or, at least, not a new finding in viral infections. The heterogeneity of macrophages is well known though poorly understood. Mononuclear phagocytes, monocytes, and tissue macrophages vary morphologically and functionally depending on factors such as state of differentiatiodmaturation, state of activation, organ source, and site within organ.I0J4J5 In each case, mononuclear phagocytes present different markers or membrane antigens and therefore can have different permissiveness for virus entry and replication. This has been described in other viral infections such as lactic dehydrogenase herpes simplex virus, l 4 and cytomegalovirus infections,21 where selected restriction of viral replication by different macrophage populations occurs.
The detection of ASF antigen in only certain macrophages may be due to the fact that pigs were killed 3 and 4 days post-infection and the virus had not reached all susceptible macrophages. Studies with a longer infection period or with a less virulent strain of virus would allow further conclusions. In this technique, a balance must be reached between maximum infected cells and minimum cytolysis of infected cells to allow membrane integrity for identification with MoAb.
The presence of virus in cells, which are not recognized by the MoAb used, can be due to the fact that these MoAb recognize different subsets of macrophages. This suggests the virus did not replicate in all lymph node cells reacting with MoAb A7 and F2.
Development of new MoAb may allow separation and identification of subpopulations of heterogeneous mononuclear phagocytes according to functional phenotypes, tissue types, or susceptible phenotypes through identification of the membrane receptor responsible for viral entry.ll 
